When Aerobacter aerogenes was harvested from citrate + mineral salt media in which the concentration of carbon source limited the crop, citridesmolase activity of cells was high but was absent when growth ceased with citrate in excess. These differences were abolished by disintegration of the cells. The ability of Escherichia coli to dissimilate citrate was measurable only after growth in a medium containing peptone, citrate and glucose : when the latter was consumed activity fell and was revived by further glucose additions. Differences in activity of such cells were not abolished by their disintegration. Cells lost their activity when incubated for 30 min. with phosphate buffer or with the citrate +mineral salt medium that supports growth of A. aerogenes. E. cold grown at the expense of glucose in a mineral salt medium+citrate, did not utilize citrate for growth during the first day and no citridesmolase activity could be detected, but when subsequently tested in a medium which permitted development of activity, higher activities were reached by cells that had grown in presence of citrate. E. co2i grown in peptone + citrate +glucose medium possessed little oxaloacetate decarboxylase ; by the action of disintegrated cells, citrate gave rise to equimolar quantities of keto-acid, chiefly oxaloacetic acid.
A citrate+mineral salt medium will support growth of most strains of Aerobacter aerogenes but not of Escherichia coli (Koser, 1924) . The extraction of 'condensing enzyme' from E . coli (Stern & Ochoa, 1951) and the demonstration (Lara & Stokes, 1952) that dried cells oxidized citric acid indicated a function for this compound in the economy of E . coli and suggested that inability to metabolize citrate might be attributed to its failure to pass into the cells. From studies of conditions affecting the ability of A. aerogenes to dissimilate citrate, and from experiments with cell-free extracts, Dagley & Dawes (1953a, b) concluded that dissimilation to oxaloacetate and acetate (Brewer & Werkman, 1939) occurred by an inducible (adaptive) mechanism that was not identical with reversal of citrate synthesis in the tricarboxylic acid cycle. Gillespie & Gunsalus (1953) , working with Streptococcus faecalis, arrived at similar conclusions and gave the name ' citridesmolase' to the enzyme responsible for citrate cleavage. These results suggest that although difficulties of cell permeability may be sufficient to account for the inability of E . coli to oxidize citrate, failure to dissimilate this compound may be due also to lack of citridesmolase development in cells grown in citrate +mineral salt media. Lominski, Conway, Harper & Rennie (1947) and Vaughn, Osborne, Wedding, Tabachnick, Beisel & Braxton (1950) reported disappearance of citrate from cultures of E . coli supplied with various nutrients, while Grunberg-Manago & Gunsalus (1953) prepared extracts of the organism which dissimilated citrate. In the present work the nutritional requirements for citridesmolase development in E . coli have been studied and compared IP: 54.70.40.11
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with those for A . aerogenes. Further, an attempt has been made to evaluate the contribution of cell permeability to whole-cell activity by conducting experiments with suspensions of disintegrated cells.
METHODS
The organisms used were Aerobacter aerogenes NCTC 418 and Eschrichia coli NCTC 5928. In a mineral salt medium containing citrate as sole source of carbon, the concentration of the citrate may limit the crop of A . aerogenes, or citrate may remain unconsumed when growth has ceased (Dagley & Dawes, 1953 a). Media used contained : KH2P04, 50 g. ; (NH,),SO,, 20 g. ; MgSO, . 7H20, 2 g.; made to 10 1. with distilled water, with the addition of either 70 g. or 200 g. sodium citrate dihydrate to provide limiting or excess citrate respectively. The medium for growth of E . coli contained: KH2P0,, 90 g.; peptone (Difco), 56 g. ; MgSO,. 7H20, 2 g. ; sodium citrate dihydrate, 50 g. ; glucose, 10 g. ; water to 10 1. All media were adjusted to pH 7.0 by addition of ~N -N~O H .
Batches of both organisms were grown at 37' in 10 1. flasks filled to the neck and were harvested in a Sharples supercentrifuge. Suspensions of disintegrated cells were prepared by crushing c. 10 g. frozen cell paste in a Hughes (1951) press previously cooled to -14'. Crushed cells taken up in 40 ml. phosphate buffer (pH 7.0) gave rather viscous suspensions which, when active cells of both species were used, after centrifugation at 7000 g to remove debris provided translucent cell-free extracts capable of dissimilating citrate. The abilities of cells to dissimilate citrate (citridesmolase activity) may be compared by measurement of initial rates of keto-acid production by suspensions of standard turbidity (Dagley & Dawes, 1953a) . This procedure was adopted in the present work, with slight modifications due to the fact that E. coZi was not in general so active as A . aerogenes. Samples were taken from cultures and the bacteria removed by centrifugation: they were well drained but not washed before testing since activity may be considerably decreased by washing. The volume of any sample was such that the final concentration of cells was 2 x 109/ml. when the bacteria were resuspended in test medium (sodium citrate dihydrate 2.1 yo ; =,PO,, 0.5 yo ; MgSO, .7H,O, 0.04 yo ; pH 7.0). After incubation for 15 min. at 37' total keto-acid concentration in the supernatant after centrifugation was determined by the method of Friedemann & Haugen (1943). Pyruvate and oxaloacetate were extracted as their 2:P-dinitrophenylhydrazones (Dagley, Fewster & Happold, 1952) . The RZ values of the oxaloacetate and a-ketoglutarate derivatives in the butanol/ ethanol/ammonium carbonate buffer mixture used by these authors are similar, 0.25 and 0.20 respectively ; the glycine/NaOH solvent of Virtanen, Miettinen & Kunttu (1953) , which separates them more readily, was also used. Chramatography of 2:4-dinitrophenylhydrazones is complicated by the existence of stereoisomers (Isherwood & Cruickshank, 1954) , although ' satellite ' spots were detected in the above solvents only in the case of pyruvate ; accordingly, no experiments are described in which identification rests solely on RZ values.
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Glucose concentrations were determined by the Somogyi (1937) method; total nitrogen in 3 ml. samples of suspensions of disintegrated cells by a modification of the Kjeldahl procedure (Varley, 1954) ; growth was followed turbidimetrically as described by Dagley, Dawes & Morrison (1950) . Conventional Warburg techniques were used as described by Umbreit, Burris & Stauffer (1945) . Dagley & Dawes (1953~) showed that cells were active when they were harvested during the period of logarithmic growth in a citrate mineral salt medium, or when growth had ceased through citrate depletion. Cells from a culture in its stationary phase with excess citrate were inactive. This loss of ability to dissimilate citrate was now studied. A suspension of disintegrated cells was prepared from an active batch (0-8pmole keto-acid/2 x 109cells/15min.) and its nitrogen content determined. Dilutions (115, 1/10 and l/lOO) were made in phosphate buffer (pH 7.0), 2.5 ml. of each dilution added to separate volumes of citrate test medium in 6 x 1 in. Pyrex tubes and after shaking to disperse the suspensions they were incubated for 15 min. at 37". Equal volumes of 10 yo (wlv) ice-cold trichloroacetic acid were then added, the precipitates filtered off and the keto-acid concentrations of the filtrates determined. The experiment was repeated with cells which had no detectable activity harvested from medium containing excess citrate. In Fig. 1 it is seen that keto-acid production was proportional to the amount of suspension. This relationship ceased a t high values, an increase from 164 to 820pg. N/ml.
RESULTS
Citridesmolase activity of Aerobacter aerogenes : comparison of whole and distintegrated cells
(415 yo) only gave a 24 yo increase in keto-acid production. In Fig. 1 are also shown results for disintegrated cells grown with aeration in a glucose+ mineral salt medium; such preparations when tested in the Warburg respirometer were able to oxidize citrate but were unable to dissimilate it appreciably. It is clear from Fig. 1 that the large difference in citridesmolase activity shown by cells from media containing different concentrations of citrate was largely abolished when the cells were disintegrated.
Inf uence of the growth medium on citridesmolase activity of Escherichia coli
Peptone + citrate +glucose medium was inoculated with a suspension of Escherichia coli prepared from an agar slope and growth, citridesmolase activity (whole cells) and glucose consumption were measured a t suitable time intervals. Citridesmolase activity increased whilst glucose was consumed and fell when it was exhausted (Fig. 2 ). It had already been observed for several cultures that activity depended on the time they remained in the incubator after cell division had ceased. At 395 min. after inoculation the culture was transferred to the cold room (4") for 20 hr. and then returned to 37". Activity decreased in this period, but on addition of glucose was rapidly regained. cells were washed twice with water. Cells that had lost activity by these treatments regained it completely within 30 min. when incubated with the complete peptone + citrate + glucose medium, but not when any one of these three constituents was omitted. Suspensions of disintegrated cells were prepared from a series of batches with different activities resulting from various incubation periods in the stationary phase. Relationships were established, as described for Aerobacter uerogenes between nitrogen content of diluted preparations and their ability to produce keto-acids from citrate (Fig. 3) . The results were in sharp contrast to those obtained with A . uerogenes since low activity was not increased by disintegration : there was a rough proportionality between activity before and after crushing. Furthermore, when one-half of a large batch of active cells of Escherichia coZi was incubated with an equal volume of buffer for 30 min. both whole cells and those subsequently disintegrated were devoid of activity. The other half of the batch, crushed immediately after harvesting, was active
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after disintegration and an active cell-free extract was obtained from the preparation by centrifugation. The medium used in tests for activity contained Mg++ ions which Dagley & Dawes (1953b), showed to be a co-factor for citridesmolase activity in A. aerogenes. Gillespie & Gunsalus (1953) showed activation of the enzyme from Streptococcus fmcalis by Mn++ ions, but concentrations up to 10-SM did not restore citridesmolase activity to whole or disintegrated E . coli cells after it had been lost by treatment with buffer.
Effect of growth in glucose + citrate -I-mineral salt medium on subsequent development of citridesmolase activity in Escherichia coli
Vaughn et al. (1950) concentrated on ability of Escherichia coli to decompose rather than grow on citrate since observations of growth in media containing a variety of compounds showed that ' the added compounds functioned only to provide food for the growth of the test cultures'. Measurements of citrate utilized were made after 4 days. Experiments were now conducted to ascertain whether additional growth could be observed in glucose + mineral salt media after prolonged incubation in the presence of citrate. One series of 6 x 1 in. Pyrex boiling tubes each contained 25 ml. of a solution (sol. A) of: KH2P04 (0.72 yo, W/V, pH 7); (NH4),SO4 (0.12 yo, w/v); MgSO,. 7H20 (0.4 yo, w/v); glucose to give a concentration range 0-9 mM. ; similar series contained in addition Na citrate dihydrate (0-44 yo , wlv). Determinations of growth of E. coli (Table 1) at 24 hr. showed no significant difference between the tubes that contained citrate and those that did not, and analysis at that time showed that glucose had disappeared in all cases. On prolonged incubation, however, further slow growth occurred, which ceased after 64 hr., in cultures containing citrate. Citridesmolase was not detected in these cultures at any stage, but the presence of citrate was not without effect even during the first 24 hr. when growth occurred entirely a t the expense of glucose. This is shown by the following experiment. Glucose (0.08 % , w/v; 4 * 4 m~. )
was added to two 250 ml. lots of sol. A; to one lot no further addition was made and to the other 0.44%, w/v, Na citrate dihydrate was added. After 18 hr. growth the cells were centrifuged and resuspended in an equal volume of the peptone + citrate growth medium for E. coli, from which glucose had been omitted. Cells re-IP: 54.70.40.11
Dissimilatiofi of citric acid 223 moved from either batch 30 min. after resuspension showed no activity, but 15 min. after adding 1 g. glucose/l. to each an increase in activity was detected for those cells which had grown in the presence of citrate (Fig. 4) . For those grown without citrate there was a lag period and the maximum activity attained was less. This was confirmed in experiments using different glucose concentrations in the peptone + citrate +glucose medium and the results are given in Table 2 . Clearly growth in mineral salt medium in the presence of citrate, although not conferring measurable citridesmolase activity, enabled a given amount of glucose in peptone medium to produce subsequently a greater activity in the cells. activities (pmole keto-acid/2 x lo0 cellsll5 min.) of whole cells before crushing. Fig. 4 . Effect of addition of citrate to a glucose +mineral salt growth medium on citridesmolase development in Eschmichia coli. After growth, cells were suspended in peptonecitrate medium to which glucose was added a t 30 min. and development of activity followed with time. Citrate present during growth in glucose +mineral salt medium, (1); no citrate present, (2). Fig. 41 ) was then measured in each case. 
Glucose concentration
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Products of citridesrnolme action. Cell-free extracts of Aerobacter aerogenes dissimilate 1 mole of citrate to 1 mole each of pyruvate, CO, and acetate; 1 mole of oxaloacetate is formed initially but the preparations contain a powerful oxaloacetate decarboxylase (Dagley & Dawes, 1953b) . To each of a series of tubes containing 2.5 ml. of phosphate buffer (KH,PO,, 0.5 yo ; pH 7) and 0-305 pmole citrate/ml. was added 0.5 ml. of an active disintegrated suspension of Esherichia coli. After 10 min. incubation total keto-acid concentrations were determined and the values plotted against added citrate (Fig. 5) . The slope of the linear part of the curve Citrate concentration ( p moIe/mI.)
Fig. 5. Production of keto-acids from various concentrations of citrate by a suspension of disintegrated EscheTichia coli.
gives a citrate: keto-acid ratio of 1.06. Extraction and chromatography of the 2:4-dinitrophenylhydrazones using the solvents of Dagley et al. (1952) and of Virtanen et al. (1953) (Taylor, 1947) and the enzyme system may possibly not be activated unless preformed amino acids are supplied externally. Some of the present findings offer a parallel to those of other workers concerning the formic hydrogenlyase of E . coli (Lascelles 1948;  Billen & Lichstein, 1951; Pinsky & Stokes, 1952) . The speculation may be made that for citridesmolase formation in E . coli the above reaction proceeds rapidly from left to right only in the presence of glucose as energy source and that when this is no longer available, and particularly when cells are placed in a mineral salt medium, there is a readjustment in the reverse direction as the concentrations in the free amino acid pool decrease. Our results suggest, but do not establish, that enzyme precursor may be formed during growth on glucose in mineral salt medium containing citrate, since the maximum activity acquired by these cells for a given amount of glucose present in the peptone + citrate +glucose mixture is greater than when citrate is omitted from the mineral salt medium ( Table 2) . Alternatively, the former cells may become permeable to citrate during growth, thereby permitting a more rapid development of enzyme in the activation test. Immediate activation was indeed found, whereas cells grown in the absence of citrate showed a lag period, but without postulating precursor formation it is difficult to account for the greater amounts of enzyme given per unit quantity of glucose in one case than the other. Further, the data for disintegrated cells appear to exclude a mechanism based on cell-permeability as the cause of differences in activity between different batches of E. coli. In contrasting
